Introduction .
In view of continuously rising petroleum costs and dependence upon fossil fuel resources in North America, attention has focused upon the production of ethanol from renewable resources and use of this ethanol in blends with gasoline as an automotive fuel. At the same time, our increased awareness and concern about the presence of toxins in grain has underlined the need for effective procedures for salvaging contaminated grain.
Hence, it is not surprising that several studies have been carried out on the fate of mycotoxins in contaminated grains used as substrates in the brewing and distilled spirits industry (Chu er ai. 1975; Krogh er ai. 1974; Nip er ai. 1975; Dam et ai. 1977; Lillehoj er ai. 1979) . In particular, Lillehoj er ai. (1979) demonstrated that (i) little degradation of aflatoxin occurred during fermentation; (ii) no toxin appeared in the distilled alcohol; and (iiO the toxin accumulated in the spent grains, which represents a potential problem in use of the material as animal feed. Lillehoj er ai. (1979) identified sodium hydroxide, ammonium hydroxide, lThe mention of firm names or trade products does not imply that they are endorsed or recommended by the United States Department of Agriculture over other firms or similar products not mentioned.
[Traduit par Ie journal] sodium hypochlorite, and hydrogen peroxide as efficient agents of toxin degradation.
However, substantial quantities of these chemical agents and high temperatures were required to achieve inactivation. Also, the potential safety hazards associated with handling contaminated grain in a distillery may be magnifed by concentrations of the toxin in the spent grain. Consequently, one objective of this work was to evaluate the fermentability of aflatoxin-contaminated com which had been detoxified with ammonia gas according to the process developed at the Northern Regional Research Center over the last 8 years (Brekke er ai. 1977; Brekke et ai. 1979). Essentially, this process consists of three steps. (1) Com moisture is adjusted to the proper level (15-22%).
(2) The com is treated with gaseous ammonia (0.5-1.5%, dry weight basis) added to a recycle stream of air over a period of 2 to 28 h, with the ammonia-air mixture being recycled for an additional 20-h period. The ammoniated com is then held for 14 days to obtain detoxification. (3) The treated com is dried for storage.
A second objective of this work was to evaluate Zymomonas mobilis as a potentially important microorganism for large-scale production of ethanol for fuel. Zymomonas are plump, rod-shaped bacteria that yield 1.5-1.9 mol ethanoUmol glucose under anaerobic con- 
NA
"Com lots identified with the subscript "C" were aJlatoxin contaminated. Com lots identified with the subscript "0" were detoxified with 1.5% ammonia gas (dry basis). The lot identified as I was narurally contaminated. whereas lot II was produced via a large-scale solid substrate fermentation (Gibbs and DeMoss 1951) . Swings and De Ley (1977) reported that Zymomonas is capable of more rapid growth at higher sugar and ethanol concentrations than yeast.
Recently, Rogers et ai. (1979) reported that Zymomonas has specific glucose uptake rate and specific ethanol productivities (with yields up to 97% of theory) several times greater than yeast. However, little information is available on industrial production of ethanol by Zymomonas on traditional substrates such as corn or molasses. Consequently, we have compared Zymoonas mobilis with Saccharomyces uvarum under conditions generally found in the ethanol fermentation industry.
Chambers et ai. (1979) reviewed the total nonrenewable energy inputs to ethanol production and reported that the cooking and fermentation steps consumed about 17% of total processing energy. Thus the final objective of this work was to compare the efficiencies of converting corn starch to ethanol at three cooking temperatures.
Materials and methods
Aflatoxin-contaminated corn, ammonia-detoxified corn, and control corn were fermented in this study. Identity and composition data on each lot are presented in Table I . The corn was medium ground through a Hobart disc granulator mill (model 2712-C); 89% (by weight) of the ground material passed through a lO-mesh (2-mm) screen. Each lot was fermented with Z. mobilis NRRL-4286 and S. uvarum NRRL-1347 according to the three protocols outlined in Table   2 . The fermentation procedure is a modification of a protocol developed jointly between NRRC personnel and the Technical Committee of the Distillers Feed Research Council (Lillehoj 1978) . A 24-h enzymatic conversion period was included in the protocol so that sufficient glucose concentration was present in the mash at inoculation to support ethanol production. Admittedly, this lengthy conversion period in addition to varying cooking-conversion temperatures could contribute to TABLE 2. Fermentation procedure Conventional ethanol fermentation procedure (121°C cooking) I. 125 g ground com and 0.65 g ground barley malt were added to 450 mL distilled water (52°C) 2. Contents were stirred intermittently for IS min (premalt) 3. Temperature was increased to 90°C and held for 5 min (cooking) 4. Slurry was mashed in autoclave at 121°C for 20 min 5. Mash was cooled to 64°C and 1.3 g ground malt added, the thinned mash being intermittently stirred for 30 min (conversion) 6. 150 mL distilled water (32°C) was added and acidified with lactic acid to pH 5.0 7. 16 units of glucoamylase (Diazyme 325) was added and mash held at 32°C for 24 h for additional conversion 8. Inoculum grown in a yeast malt extract medium a ( I%, v/v) was added 9. Fermented at 32°C 90°C cooking The conventional procedure outlined above was followed with the exception that the fourth step was omitted 64°C cooking The conventional procedure outlined above was followed with two changes: the temperature in the third step was only increased to 64°C and the fourth step was omitted.
"A 24-h culture in yeast malt extract medium Iconsisting of 0.3% yeast extract. 0.3% malt extract. 0.5% peptone. and lo/c glucose) was incubated at 32"C. NA Results At cooking temperatures of 121 and 90°C, ethanol conversion efficiencies usually were higher with Z. mobilis than with S. uvarum (Table 3 ). This trend was not present at the 64°C cooking temperature.
In the fermentation of com from lot I, ammoniation prior to fermentation appeared to improve ethanol yields and conversion efficiencies compared with nonammoniated aflatoxin-containing com. Because conversion efficiencies usually were better on ammonia-treated than non-ammonia-treated com, we concluded that nitrogen addition might improve conversion efficiency. The addition of 1.5% (dry basis) ammonium sulfate to the mash markedly increased the overall conversion efficiency by both organisms of the control com (lot III) at 12loC (Table 3) . However, this addition dramatically contamination problems. Overall, the object was to approximate conditions employed in the fermentation industry. Each cooking-conversion-fermentation was conducted in situ using l-L Erlenmeyer flasks. Each flask was fitted with a rubber stopper into which was placed a thermometer and an Alwood valve. These valves were partially filled with concentrated sulfuric acid, permitting only carbon dioxide to evolve from the fermentation mash. Any water vapor and vaporized ethanol was trapped in the sulfuric acid. Losses of mass, i.e., carbon dioxide, were monitored by weighing the flask and Alwood apparatus daily. Daily ethanol production values were calculated as follows: CO 2 (g, mass loss) x 1.046 = ethanol (g). Final ethanol concentrations were determined by gas chromatography using a Porapak Q column. Ethanol conversion efficiency is the assayed value of ethanol produced in each fermentation expressed as a percent of the theoretical ethanol yield. The theoretical yield assumes complete conversion of starch to sugar and subsequent fermentation to ethanol. Quantitative aflatoxin analyses were made by an AOAC method recommended for com (Association of Official Analytical Chemists 1975) . Starch values were determined polarimetrically by the approved AACC procedure (American Association of Cereal Chemists 1962) .
The efficacy of starch conversion in each fermentation was evaluated at three cooking temperatures: 121, 90, and 64°C. The. 121°C cookings were made in a standard low-pressure steam-jacketed autoclave. The 90°C cookings were made in a steam-heated cabinet using atmospheric pressure steam. The 64°C cookings were conducted in a constant-temperature water bath. Temperatures employed for cooling-conversionfermentation for all experiments were maintained in constanttemperature water baths. Fermentations were carried on until there was-no further appreciable loss of mass.
Pilot-scale fermentations (20 times the weights and volumes listed under the conventional procedure in Table 2 ) of lots Ie and 1 0 were done in two 50-L fermentors (New Brunswick Fermacell) .
All of the data tabulated in this report are average values obtained from two fermentations. ZZZZZZZZ reduced the initial fermentative activity of Z. mobilis. First-day ethanol production from Z. mobilis was less than 3% of the total ethanol production in comparison with more than 42% for S. uvarum when ammonium sulfate was added. Otherwise, based on 1st-day production of ethanol as a percent of the total ethanol production in the fermentation, Z. mobilis was generally more active initially than was S. uvarum, particularlyat 121 and 90°C cooking treatments. At 64°C, the 1st-day fermentative activity of these two microorganisms was generally about the same.
At cooking temperatures of 121 and 90°C, ethanol yields were generally higher with Z. mobilis than with S. uvarum (Table 3 ). This effect was not apparent at the 64°C cooking temperature.
Both cultures generally yielded 50% or less ethanol at 64°C than was produc~d at heat treatments of 121 and 90°C.
Generally, stillage taken from fermentations cooked at 90 and 64°C contained acetone and propionic acid in addition to ethanol. Up to 3% propionic acid and 0.1-1.0% acetone was detected by gas chromatography in representative samples. In contrast, stillage taken from fermentations cooked at 121°C contained no detectable acetone or propionic acid, ..suggesting the possibility of contamination in the 90 and 64°C cookings.
The results of aflatoxin B1 analyses of postfermentation fractions resulting from these tests are reported in Table 3 . The B1 values are given as micrograms per kilogram (ppb, parts per billion) on an "as is" basis. Dried stillage solids from these tests ranged from 5 to 7% (by weight) moisture content. These results agree with data reported by Lillehoj et al. (1979) , which demonstrated that aflatoxin B1 is concentrated in the postfermentation solids when using aflatoxin-containing grain as the substrate. However, B 1 values in the postfermentation solids obtained from ammonia-detoxified com were low and fell under the Food and Drug Administration (FDA) guideline of <20 ppb (Anonymous 1977) .
Discussion
We demonstrated in 1-and 13-L fermentations thatZ. mobilis has greater fermentative activity than S. uvarum during the initial phase of a traditional com fermentation. Zymomonas mobilis usually produced more ethanol and better conversion efficiencies than S. uvarum. A cooking temperature of 121°C was satisfactory for ethanol production. Ethanol yields generally declined (9-17%) when a cooking temperature of 90°C was used in comparison with yields at a cooking temperature of 121°C. Cooking at 64°C gave poor ethanol conversion efficiencies. We also demonstrated that it is not only feasible but probably better to use ammonia-detoxified rather than contaminated corn for the production of ethanol because of added nitrogen. Spent grains from such fermentations contained aflatoxin B1 values ranging from 3 to 14 jJ.glkg, well below the FDA feedstuff guideline for this toxin. Substantial fixed capital investment and operating costs were associated with the large-scale detoxification process developed by Brekke et ai. (1979) . In order to reduce some of these costs, we feel that inactivation of contaminated grain within the fermentation vessel prior to fermentation needs to be studied. Perhaps existing cooking-conversion equipment now available in fermentation facilities could also be utilized for the decontamination process. Even though some processing problems need to be addressed, a combination decontamination-fermentation procedure may be attainable.
